The synergistic activities of netilmicin, gentamicin and amikacin combined with carbeni-
cillin, ticarcillin, azlocillin and mezlocillin were investigated against 32 Serratia marcescens isolates. Synergy could be demonstrated by killing curve technique, isobologram plots as well as susceptibility data with any of the aminoglycosides and penicillins combinations.
No antagonism was shown with any of the combinations.
The majority of the isolates were resistant to the aminoglycosides and penicillins. Combination of either ureido-penicillin or carbenicillin with gentamicin or netilmicin did not reduce the MIC values to levels achievable in serum but did reduce the MIC levels of both agents to those achievable in urine. The combination of ureido-penicillins or carbenicillin and ticarcillin with amikacin reduced the inhibitory levels of all isolates to levels achievable in both serum and urine. The availability of the new aminglycosides amikacin8) and netilmicin3'4' and the two new broadspectrum semisynthetic ureido-penicillins, azlocillin and mezlocillin (NEU, submitted for publication), prompted us to investigate the comparative activities of these aminoglycoside-penicillin combinations against Serratia marcescens. Synergy was defined according to the following criteria: (i) a reduction of the MIC values of both antibiotics by four-fold or more; (ii) any definite concavity of the isobologram obtained by graphing the data; (iii) a decrease of 1 log or more in viable cell count occurring at the end of 4 hours with the antibiotic combination compared with that obtained with the most active single antibiotic. Partial synergy was defined as a four-fold or greater reduction in MIC values of one compound but less than four-fold reduction in the MIC value of the second compound.
Indifference was either no reduction in MIC values or only two-fold.
Antagonism was defined as four-fold increase in MIC of either compound3'.
Results
We decided to compare the synergistic activity of amikacin, gentamicin and netilmicin combined with azlocillin since work in our laboratory (NEU and Fu, submitted) had indicated that azlocillin because of its antipseudomonas activity might show the greatest synergy against strains of Serratia marcescens. Table 1 compares the percent of strains which showed synergy when the three aminoglycosides were combined with azlocillin against strains most of which are multiply resistant. In terms of overall synergy there is no statistical difference in the three groups since the synergy raised only from 47% to 59%. However, in all instances there is greater synergy shown with the resistant strains whether with amikacin which is the most active agent or with netilmicin the least active.
A more direct comparison of the three agents is shown in Fig. 1 . In the absence of penicillin, amikacin inhibited 50% of strains at a concentration of 6.3 ,u.g/ml. In the presence of azlocillin from 3.1 to 50 jig/nil there was no increase in the number of strains inhibited, but at concentrations of 100-200 pg/ml 60-70%
were inhibited at 6.3,ug/ml and more importantly at 25 ,ug/ml of amikacin all strains were inhibited in the presence of 100,ug/ml of azlocillin. T Synergy was tested using agar dilution method in MHA.
R=MIC>_12.5 jug,/ml for gentamicin and netilmicin and for amikacin _>_25 ,ug,/ml. t Synergy was tested using agar dilution method in MHA. * R=MIC> _200,ag/ml. S=MIC<l00 ug/ml.
Combination of amikacin and carbenicillin was synergistic against 45 % of isolates and the amikacinticarcillin combination was synergistic for 39% of isolates ( Table 2) . For example, an isolate with an amikacin MIC of 100,ug/ml had an amikacin MIC of 12.5,ug/ml in the presence of 100,ug/ml carbenicillin or ticarcillin and an isolate with an amikacin MIC of 12.5,ug/ml had an amikacin MIC of 3.1 fig/ ml in the presence of 100 /.cg/ml of either penicillin. In this particular study, 16 % of the isolates were resistant to amikacin MIC > 25 ,ug/ml but all were synergistically inhibited when amikacin was combined with carbenicillin or ticarcillin.
In comparison gentamicin did not show a significant increase in the percent of strains which were inhibited at 6.3,ug/ml when azlocillin was added at concentrations up to 200,ug/ml. Netilmicin which had very poor activity against these strains, inhibiting only 25% alone, inhibited 50% in the presence of 200fp.g/ml of azlocillin. At concentrations of 25,ug/ml both gentamicin and netilmicin in the presence of 200 ,ug/ml of azlocillin inhibited only 70 -80 % of the isolates.
Since netilmicin has excellent activity against many gram-negative organisms except Serratia", we compared the effect of the addition of three penicillins to netilmicin. Table 3 demonstrates that the greatest synergy is again seen with resistant strains. Mezlocillin and azlocillin show comparable overall synergy with the greatest percent synergy shown by mezlocillin and netilmicin. If one compares the agents at their respective MIC values, at a netilmicin MIC of 6.3 ,ug/ml, 17 of 32 strains were inhibited by azlocillin-netilmicin, 18 of 32 by mezlocillin-netilmicin and only 10 of 32 by carbenicillinnetilmicin. At a concentration of 50,ug/ml of netilmicin all strains were inhibited if azlocillin was present at one-fourth of its MIC value, and 94Y. with meziocillin, but only 66Y. with carbenicillin. Fig. 2 shows the data when plotted from the aspect of the penicillins. Even at concentrations of 200,ug/ml of carbenicillin only 22Y. of isolates were inhibited in the presence of one-fourth the netilmicin MIC, whereas in the presence of 200,ug/ml of azlocillin 56 yo were inhibited and 84 yo were inhibited with mezlocillin when netilmicin was added at one-fourth its MIC value, a value which is The combined concentrations of netilmicin was 6.3 ug/ml and of mezlocillin 800,ug/ml both of which would be achieved in urine; whereas, the individual MIC values of both 25 ,ug/ml and 3,200,ug/ml would rarely be achieved. Similar effects were seen with amikacin and gentamicin when combined with any of the three penicillins.
Discussion are those involving the urinary tract and less than 5Y. Serratia infections are septiceriias . Thus we
As previously noted the majority of our nosocomial infections produced by Serratia marcescens were concerned to see if the combination of a penicillin and an aminoglycoside would inhibit strains that are usually resistant to the aminoglycoside or the penicillin when used alone. We were particularly concerned about the activity of netilmicin against Serratia since work from our group3'4) had shown that netilmicin although active against many gentamicin-resistant Escherichia coli, Citrobacter and Klebsiella was not active against gentamicin-resistant Serratia. Furthermore, 34% of the isolates of Serratia in our institution had amikacin MIC values above 12.5 ,tg/ml. From these studies it is clear that at the concentrations which could be achieved in blood, addition of carbenicillin, mezlocillin or azlocillin would not reduce the MIC of gentamicin or netilmicin to a level that was clinically meaningful for the majority of these Serratia isolates. In contrast addition of azlocillin, carbenicillin, mezlocillin or ticarcillin to amikacin would reduce the MIC of all isolates to a level that was therapeutically achievable.
In the presence of concentrations of azlocillin or mezlocillin at 4001,200 ug/ml, which can be achieved in urine, the gentamicin and netilmicin MIC values of strains of Serratia that were in excess of 50 #g/ml were reduced to levels of 6.3 -25 #g/ml in the majority of instances and the amikacin MIC values were all 12.5 ug/ml or less. Carbenicillin, however, when combined with netilmicin or gentamicin did not lower the MIC of the aminoglycoside to levels that could be achieved in urine. 
